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1 
This invention relates to improvements in air 
craft and has pRrticular reference to improve- 
ments in direct-lift type of aircraft commonly 
referïed fo as helicopters. 
!t is an object of this invention to provide a 5 
helicopter in which the driving, lifting and steer- 
ing is controlled solely by me_ans of two sets of 
propeller units revolving in parailel horizontal 
planes and in opposite directions on co-axial 
shafts. These units each comprise two or more 10 
radially disposed pivoted blades, and swash plate 
means operatively connected to the blades are 
provided for varying their pitch or angle of in- 
cidence while they revo]ve in order that the ]ift- 
ing force exerted by them may be increased or t5 
decreased at will. The same propeller units are 
also adapted to impart a translation driving force 
in any desired direction to the helicopter. The 
abovementioned swash plates also cause the 
blades to cyclically oscillate about their own axis 20 
as they revolve. 
Translation is caused by the difference in in- 
duced drag between forwardly moving airfoils 
and rearwardly moving airfoils. As the two pro- 
peller units revolve in opposite directions, and 25 
since the cyclic variation of the angle of inclina- 
tion of the blades of one propeller unit is always 
diametrically opposite to that of the blades of 
the other unit, it wi]l be seen by those skilled 
in the art how a motion of translation is ira- 30 
parted to the helicopter of which the propeller 
units are a part. Also, the swash plates can dif- 
ferentially vary the pitch of the blades of the 
two propel!er units, thereby providing for direc- 
tional control of the apparatus. 35 
It is a further object of this invention to pro- 
vide control means for helicopters operated by 
dual co-axial]y mounted propellers that are sim- 
ple in construction, relatively smooth and quiet 
in operation, as free from friction as reasonably 40 
possible, and relatively inexpensive fo manufac- 
ture. 
Another objec of this invention is to lorovide 
control means of this type which are very light 
in weight, this being a highly desired feature in 45 
any type oî ah'craft. 
Therefore, fo summarize, this invention con- 
sists essentially in combining in one single con- 
trol device the three following actions which may 
be exercised on both propeller units or sustain- 50 
ing helices separately or simultaneously af the 
will of the operator. 
1. The general simultaneous variation of the 
angle of incidence of all the helices, for causing 
the aircraft to ascend, descend, and/or remain 5 
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without movement in a flxed point of space, that 
is, hover. 
2. The differential variation of the angle of in- 
cidence of the helices turning in opposite direc- 
tions, which creates a disparity of the resisting 
couple s of these helices, a disparity which, trans- 
mitted to the nacelle or body which they sup- 
port, causes it to turn around the axis of gyra- 
tion of the said helices, thus producing direc- 
tional control of the aircraft. 
3. The periodic variation of the angle of inci- 
dence of the sustaining helices, otherwise known 
as cyclic pitch control, to create in any plane 
passing through the axis of gyration of the said 
helices a couple serving to effect the translation 
of the apparatus in any desired horizontal di- 
rection. 
Other objects and advantages will be more par- 
ticu]arly seen hereinafter and wfl] become appar- 
ent as the description proceeds. 
tn the accompanying drawings in which like 
reference characters are used to designate simi- 
lar parts throughout there is illustrated by way 
of example, a suitable mechanical embodiment 
for the purpose of disclosing the invention. The 
drawings, however, are for the purpose of illus- 
tration only and are hot to be taken as limiting 
the invention as it will be apparent to those 
skilled in the art that various changes in the 
illustrated constï'uction may be resorted to with- 
out in any way exceeding the scope of the in- 
vention. 
In the drawings and specification reference f 
right, left, front and rear are always from the 
point of view of the operator of the helicopter. 
Figure 1 is a perspective view of the propeller 
control means for a helicopter constructed ac- 
cording to the invention; 
Figure 2 is a front elevation of said propeller 
control means showing particularly the mecha- 
nism whereby sideways translation is controlled; 
Figure 3 is a right side elevation of said pro- 
peller control means showing particularly the 
mechanism whereby the torque reaction of the 
rotors is differentially varied in order to steer 
the aircraft; 
Figure 4 is a left side elevation of said pro- 
peller control means showing particularly the 
mechanism whereby forward and backward trans- 
lation is controlled; 
Figure 5 is a bottom view of a rotor gimbal- 
mmmted swash plate; 
Figure 6 is a top plan view of the column 
gimbal-mounted swash plate; 
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3 
Figm'e 7 is a cross-sectional view through the 
upper rotor, looking dowmvards; and 
Figure 8 is a'-x elevation of a modified con- 
struction of the mechanism whereby trans!ation 
is controlled. 
Referring now fo Figure î in which for the sake 
of clarity certain parts have been omitted, refer- 
ence character  indicates a column which is 
fixedly attached fo the body of the macne, hot 
shown, lotatably mounted inside this column is 
a ho]low shaft 2 which supports the lower rotor 
3, said hollow shaft projecting through and 
above the top of the colurmoE . lotatably mount- 
ed inside the hollow shaft 2 is a shaft 4 which 
supports the upper rotor  and projects through 
and above the top of the hollow shaft 2. 
The power plant which is preïerably an inter- 
nal combustion engine, is in the body of the air- 
craït, and stfitable means well known in the art 
are pïovided to connect the power plant to both 
the shaft 4 and the hollow shaft 2 and to drive 
them in opposite directions, thereby rotating the 
two rotors in opposite directions. 
The upper rotor 5 and lower rotor 3 are of 
like construction and therefore only one, say 
the upper, wfll be described, leferring particu- 
lar]y fo Figure 7, the upper rotor  comprises a 
central hub {} through the center oî which the 
shaft  extends transversely and is rigidly con- 
nected thereto by means of splines   and nut 12. 
Both extremities of the hub {} are provided with 
flanged portions 3 and . 
Extending radially from each end of the hub 
{} are spars 8 and 9 which are rotatably 
mounted therein. Since the construction of each 
rotor is symmetrical about its vertical axis of 
rotation, only one side need be described. 
A thrust collar 6 is rigidly secured fo flange 
portion  by means of nut and bolt assemblies 
. A tapered roller thrust bearing , bears 
against collar  . 
A circular sleeve 2{} having a flange 2 is 
screwed on the spar 8 and these forma rigid 
unit. The flange 2 bears against thrust bearhg 
] and thereby holds the spar inside the hub . 
Suitable needle bearings 2 and 2 are provided 
fo permit the spar 8 to rotate inside the hub . 
ligidly mounted on the inner extremity of the 
spar 8 is a bevel gear 24 which engages bevel 
quadrant 26 af right angles to it; quadrat 2 
is keyed to a small shaft 2 which is journal!ed 
transversely fo and inside the hub. Keyed fo the 
other extremity of this shaft and af right angles 
to if is an actuating lever 2] to which is pivotally 
connected a link 28. Itis obvious that if this 
link 28 be moved up and down, an oscillatory 
motion about a horizontal axis will be imparted 
to the spar 8. 
To the outer extremity of spar 8 is rigidly 
attached a suitable airfoil  8  forming one of the 
blades of the rotor. Thus by moving the link 
28, the angle of incidence oî ts airfoil or blade 
may be varied at will. 
Immediately below rotor 6 is a sliding sleeve 
@ mounted on a downwardly extending portion 
f{} of hub . A key 3 prevents the sliding 
sleeve from rotating with respect to the hub, but 
allows it fo move longitudinally thereon. 
On this sleeve {} is a gimbal-mounted swash 
plate 2, the construction of which is better illus- 
trated in Figure 5. It comprises a beam membeï 
4{} having two side portions  and 42, each side 
portion being journalled at ifs center fo opposite 
sides of the sleeve 3{} by means of pins  and 
4. Each pair of side portions are joined together 
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af their extremities 6 and @$, and bearings 
and  are provided therein to journal the inner 
ring $ of the swash plate thereto. Pins  and 
 and bearings 6  and  are in the saine plane 
5 but their axes are spaced radially by 90 °. Thus 
by means of this gimbal mounting the swash 
plate 2 can be universally inclined to any desired 
angle. 
IAnk 2{} is pivotally connected at 5{} fo one end 
10 of beam member {} whereas link 25 is similarly 
attached af {} fo the opposite end of said beam 
member {}. 
The inner ring  is rotatably mounted inside 
an outer ring {}, suitable halls or rollers 
15 being provided to reduce the ïriction between the 
two rings. 
The lower rotor  (wch is identical in con- 
struction fo the upper rotor 6) comprises a hub 
{} having af ifs center a downwardly extending 
20 portion ] through which is splined the hollow 
shaft 2, and a ring nut ]2 provides greater 
security to the connection. 
Immediately below the lower roter  is a slid- 
ing sleeve 8{}, a key 8 preventing it from rotating 
25 with respect fo the hub but allowing it to more 
longitudinally thereon. , 
On this sleeve 8{} is a gimbal-mounted swash 
plate 8-, comprising inner ring 9 pivoted on 
beam membeï {}{} and outer ring 99, which is of 
3O identical construction but of different size than 
gimbal-mounted swash plate 2. Spars 9{} and 
9 of the lower rotor are actuated in the saine 
way as the spars of the upper rotor by means of 
actuating levers 9 and 9 and links 9 and 
35 Link 4 is pivotally connected af 96 to one end 
of he beam member {}{} of swash plate , 
whereas link 9 is similarly attached at  to the 
opposite end oî said beam member 
lVounted around column  are three sliding 
sleeves {}, {}2 and {} which are keyed to the 
40 
column so as fo prevent rotation but which may 
be moved longitudinally with respect fo it. 
On the sleeve {} is a gimbal-mounted swash 
plate {}, the construction of which is better 
shown in Figure 6. It comprises a beam member 
45 t} having two side portions  and , each 
side portion being pivotally mounted at its center 
to opposite sides of the sleeve } by means of 
pivots 3 and tL The extremities  and 
 of each pair of side portions are joined to- 
gether, and bearings ] and  are provided 
therein fo pivotal]y mount the inner ring 9 of 
the swash plate thereto. Extending downwardly 
from side portion  of the beam member is 
5 a moment arm 2{} having a pin 2 at its lower 
end. Thus, if this arm 2{} is swung back and 
forth, the swash plate {} will be forced to oscil- 
lute about ifs pivots  and  on the sleeve. 
A forked transverse member 22 af right angles 
6{} to the beam member {} and having bearings 
2 and 22b af each extremity is 5ournalled 
thereby fo opposite sides of sleeve {}l. 
Af the center of the forked transverse member 
2 ts a pin 2 Which flts in bearing block 24. 
65 tearing block 2 is slideably connected fo the 
inner ring 9 of the swash plate by means of 
the tongue and groove arrangement as shown at 
2. One extremity of forked transverse ruera- 
ber 22 has a moment arm 2, and a pin 
70 is provided at the end thereof. Therefore by 
pushing back and forth on arm 2, the swash 
plate ${}  will be forced fo oscfllate about ifs 
bearings  ] and  . It may thus be seen that 
this swash plate has universal motion and may 
75 be tilted fo any angle in any plane by pushing 



2601090 

sideways against either or both of pins 121 and 
127..Surrounding the inner ring 119 is an outer 
ring 128 rotatable about if on halls or rollers 129. 
Four rods 180, 181, 182 and 188 of equal length 
and radially spaced apart by 90 ° connec thé 
outer ring 60 of swash plate 32 fo the outer ring 
128 of swash plate 10 la; the connections between 
the rods and the rings are universal joints, pref- 
erably of the ball and socket type. These four 
rods naturally must rotate with rotor 8 and suit- 
able means are provided fo attach them fo the 
rotor while still allowing them fo more up ad 
doÇvn. Since the two swash plates ,2 and IOa 
are so connected by the abovementioned rods 
then if swash plate 101 a is tilted about any axis 
an identical tilt or inclination will be imparted 
to the swash plate 32, the inner ring 40 of which 
is rotating with the upper rotor. 
On sleeve 108 is mounted a beam member 1.40 
comprising two rockers 141 and 142 pivoted at 
their center on pins 148 and 144 which are on 
opp0site sides of sleeve 108. The extremities 
of each rocker slope downwardly and each pair 
is joined by bearings 145 and 146. Rocker 142 
has an upwardly extending moment arm 147, 
with a pin 148 near the end thereof, the purpose 
of which wfll appear later. 
A second beam member 150, comprising two 
rockers 151 and 152, is mounted on sleeve 108 in 
a position radially spaced apart by 90 ° from beam 
member  40. Each rocker is pivoted at ifs center 
on pins 153 and 154 which are on opposite sides of 
sleeve |03. The extremities of each pair of arms 
are joined by bearings 155 and 156. Arm 152 has 
an upwardly extending moment arm 157 with a 
pin 58 near the end thereof, the purpose of 
which wfll appear later. 
Four rods 100, 151, 162 and 163 of equal length 
radially spaced apart by 90 ° connect the outer 
ring of swash plate 62 to bearings 145, 140, 155 
and 6 respectively of the two beam members 
140 and 159. For constructional reasons as will 
be apparent from Figure !, rods 100, 101 and 08 
have a looped portion near their centre; a loop 
is obviously hot required in rod 152. 
Since the rods are of equal length, and since 
the beam members 140 and 15 are so constructed 
that when they are in a level position the bearings 
145, 46, 65 and I6 are ai exactly the saine 
elevation, any inclination or tilt of the beam 
members wfll impart fo swash plate 2 a corre- 
sponding inclination. 
The middle sliding sleeve 102 is in the form 
of a rectangular block and consequently has four 
faces. 
Referring fo Figure 1 which is a perspective 
view and fo Figure 3 which is a right hand side 
elevation of the controls, if is seen that against 
a face of sleeve I 2 is a pinion 100 rigidly mounted 
to a shaft 157 which is journalled in the body of 
sleeve 92, this shaft being connected fo the air- 
craft operator's controls 156 by means of uni- 
versal joints 169 and 104, and crank 105. Racks 
170 and 171 which are respectively attached fo 
brackets 2 and 78 of sliding sleeves 101 and 
I) by means of nuts 74 and 175 are in engage- 
ment with pinion 100. Assuming that the pinion 
is prevented from rotating, then ifs engagement 
with racks 70 and 171 will hold the sleeves 101 
and 3 in a fixed position with respect fo the 
sleeve IG-. On the other hand if the pinion 105 
is rotated, say counter-clockwise, sleeve I3 will 
.more downwards while sleeve II will more up- 
wardly with respect fo sleeve 102 by a correspond- 
ing distance. 
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Referring now fo.Figure 1, rod 18 which is 
connected by suitable linkages fo the operator's 
controls is rigidly fixed fo the bracket 181 ex- 
tending from sleeve 102 and therefore an up- 
5 ward or downward movement of said rod 160 will 
more sleeve 102 along the column, and conse- 
quently will also more with it sleeves 10_1 and 
103 and swash plate 101 a, and beam member 140 
and 159. But swash plate 101a and the arrange- 
10 ment of beam members 140 and 150 are respec- 
tively connected by means of rods as previously 
described fo the rotor swash plates 82 and 82. 
Consequently an upward or downward more- 
ment of rod 160 w_il! more all the sleeves and all 
15 the swash plates upwardly or downwardly by a 
corresponding distance; in other words, the verti- 
cal position of the whole operative assembly wfll 
be changed. 
Referring now fo Figure I, and also fo Figure 
29 2 whlch is a front elevation, pinion 190 is keyed 
on shaft I, wlïich is similar fo shaft 107, and 
is provided with suitable universal joints 192. 
The rotation of this shaft is controlled by the 
operator of the aircraft. The end of shaft I 
25 is journalled in the body of sleeve 12, and the 
pinion is retained by a suitable cover 18 which 
is held by screws .104 and 10.5. Similar racks 
96 and I7 which, slide in guides 198 and 19 
of sleeve 102 are in engagement with pinion 
30 On each rack are the vertically extending por- 
tions 290 and 201 having therein guides 22 and 
2 which engage respectively with pins 127 and 
46 of extensions 126 and 147. 
Thus, if pinion l'90 is rotated, say clockwise 
35, as the observer looks from the rear fo the front 
of the aircraft, rack 106 will more towards the 
right by a certain distance while rack 197 will 
more to the left by a corresponding distance. 
This movement of the racks will be communi- 
40 cated fo arms 125 and 147 through pins 127 and 
148 and will cause swash plate I1  and beam 
member I,0 to tir correspondingly. Therefore 
on clockwise rotation of the pinion, swash plate 
101 a will be inclined downwardly fo the left and 
45 simuitaneously .beam-member 140 will be in- 
clined by the same angle downwardly fo the left. 
This inclination of the swash plate 101  and of 
beam member 1.40 will be communicated as above 
described bF the respective rods fo the rotor 
50 swash plates'82 and82. 
Referring now fo Figure 4 which is a left side 
elevation of the controls, a rack and pinion ar- 
rangement identical fo that on the front eleva- 
tion is seen. If comprises a pinion 210 which is 
55 keyed on shaft 21 I. This shaft is similar to shaft 
107 and its rotation is controlled by the operator 
of the aircraft. The end of shaft -II is jour- 
nalled in the body of sleeve 102 and the pinion 
"retained by a suitable cover 212 which is held by 
60 screws  13 and 214. Identical racks 
which slide in guides 217 and 216 of sleeve 12 
are in engagement with pinion 210. On each 
rack are the vertically extending portions 229 
and 221 having therein guides 222 and 228 which 
65 engage respectively with pins 121 and 156 of arms 
120 and 
The operation of this rack and pinion is identi- 
cal fo that described in the previous paragraph, 
except that if varies the inclination of the rotor 
70 swash plates along an axis radially distanced by 
.90 ° fo that described in the preceding paragraph. 
Operaion 
For the sake oî simplicity the action of only 
7i one blade of the upper rotor $ will first be con- 
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sidere. If swash pl$¢e 32 and consequently 
sleeVe 30, is phed upwariF this. 1 move 
 and in tn rotate auag ]Cer  caus- 
ing the pitch 0ï the afofl on spar   incease. 
On the other hand i.f h pla $2 is cned 
to any desired angle, and i oUter ring  is 
prevented ïr0m rotating (auming tht the test 
of the mechàsm is partiallF disembled for 
demonstration puos) then. as the ror  fo- 
tares the li 2 wfli clicay oscfll.ate up and 
down  derm.in by the radial sîtion of the 
ier ring With respect  the ouïr ring,, and the 
pitch of the blade Will yelicglly çary. 
Now consideri-ng the màcne as an operative 
unit, iï rod 8 iS pushed upwar-y,  the sleev 
and ail the sWash plas witl coreSpongly 
nove upwardly afld therefore the pih 0f a 
blades will simultaneoly incree. Silarly 
 rod 8 is pulled doWnway te pih of all 
the blades will c0re0gIy deee. Th 
simultaneous variation of t pih of all the 
blades is used  contol aen or descent 0f the 
helicopr. 
Sering is accomplishe by increg the 
pitch of the blades oï one ror and hence in- 
creasing i rqUe rcion Wh. at the 
rime decreasing the pih of thè blades and the 
torque reactn oï the other or; the 0dy 0ï 
the mache will therefore swing arod in a 
direction 0ppoSite  the r0mtion of the most 
effective ror. is change is accomplished by 
the racks iO and i and n 16, sho 
the right hand side elevCion gue 3. As the 
pinion is rotad by te orar, say clocwe, 
as seen  the drawings, the rack ii witl more 
downwardly tereby movg downwar sleeve 
3, which communicas thiS motion fo and 
moves downwardI.y the Iower rr swh pla 
2. Simultaneously rk 0 fll more upwardly 
hereby movi Upwds slave 0i, which com- 
municas this motion  d moves upwardly 
the lower ror swh plate 8 y a corrponng 
disnce. Thus, the pitch of the blad of the 
upper rotor ig increas whCe tha of the 
b]des of the low-er ror ms decrs, and the 
machine will swing  a diroetion opposi 
tht of the rotation of e uer ror: 
TranslatiOn i achieved by cychc pitch con 
trol of al1 the r0r blades, that is, by a cyclic 
variation of the pitch o£ the blades as e ro- 
tors sweep througt the c of a circlê. Coder, 
ing Figure 4, the left hand side elevati, ff the 
swash plates are tild by mea of rac  15 and 
2   and pion 2  @ downwardly Wards the front, 
the helicopr wîH tmnsla in the saine ection 
as the downward tilt of the rg dùe  t cyClic 
pitch controI, that is, movê forwCd  Will be 
obvious  those skled in the t. 
Considering Figure 2, e front elevation, if the 
swash plates are tfid w& the right Çf the 
arcraft, by mèa of racks I and  and 
ion , the aircraft wfll ala deways 
wards the right for the saine rêason as described 
in the previous pamgraph. 
Similarly by tilting thè sw as  a 
other dection the aircraft fll trala in the 
drection of tilt. 
us in the contr0, hf  achleved by mov- 
ing 11 the controls longitudinal along the shaft; 
stecring is accomplished by differentia spac 
the two groups of swash plas; and translation 
in any dection is obtained by tilting e swash 
plates  an angle in the desired dection. 
It should be emph that by  controls, 
1 the operaio for stoering, i and ans- 
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lating in any direction can be combined and per- 
formed simultaneously, without one operation af- 
fecting any of the others mechanically. 
Figure 8 which is a front elevation shows a 
5 slightly modified translation control mechanism. 
Actually the view shown in Figure 8 illustrates 
the mechanism for sideways translation and cor- 
responds fo :Figure 2, but obviously this modifled 
mechanism can also be used for forward and 
10 backward translation. The parts illustrated and 
the numbering correspond fo those in the other 
figures except as hereinafter specified. 
Instead of using a rack and pinion device to 
more arms 26 and ,7, a sliding crosshead 230 
15 having an elongated aperture 2.3! is used. The 
sliding crosshead travels in guides and is re- 
tained against sleeve t82 by means of the bolt 
and washer assembly 232 which fits in aperture 
23. Extending from the crosshead 230 are ver- 
20 tically disposed members 224 and 225 which hve 
guides 228 and 227 into which fit the pins | 27 and 
148. A rod 228 is pivotally connected to the cross- 
head 230, and by well known linkages, this rod is 
operated by the pilot's controls. 
25 if rod 228 is pulled, it is obvious that arms |25 
and 147 will force svash plate 101 s and beam 
member 140 to tilt. It should be noted, however, 
that the swash plate and beam member instead 
of tilting in parallel planes as in the preïerred 
30 type of construction, tilt in opposite directions. 
This reversed effect is simple to counteract by 
merely reversing one oï the quadrant gear ar- 
rangements in the hub (Figure 7). 
ttaving thus described the invention if is 
35 thought that its construction and use will bë ap- 
parent from the above description oï the various 
parts and their purpose. If is fo be understood 
that the form of the invention herewith shown 
and described, is to be taken as a preferred 
4* ample of the saine, and that various changes in 
the shape, size and arrangement of parts may be 
resorted to, .without departing from the spirit 
of the invention, or the scope of the claires. 
What I claire as my invention is: 
45 1. In propelling apparatus ïor aircraft a pair 
oï horizontally disposed rotors mountëd one 
above the other, each comprising a plurality of 
. radially disposed blades; co-axial shafts on 
which the rotors are respectively mounted; said 
0 rotors having a transverse hub at the centre 
thereof and being adapted to be revolved in op- 
posite directions on the co-axial shaïts for im- 
parting movement to the aircraft; a fixed col- 
umn; said co-axial shafts rotating inside the 
{5 fixed column; a swash plate mounted universally 
on the hub of each rotor, said swash plates hav- 
ing inner and outer portions rotatable with re- 
spect fo each other, the inner Portion rotating 
with its rotor; links mounted on opposite sides 
0 of each rotor swash plate inner portion and 
operatively connected to the respective rotor 
blades; and means mounted on the fixed cotumn 
and connected to the outer portions oï the swash 
plates to control the inclination and elevation 
65 of each swash plate. 
2. Apparatus as claimed in claire 1, in which 
the upper rotor swash plate control means com- 
prises a swash plate universally mounted on the 
fixed column; said column swash pIate having 
70 an inner non-rotatable portion and an outer por- 
tion rotatabIe with respect to the inner portion, 
the outer portion being connected fo the outer 
portion of the upper rotor swash plate by means 
of pivotally mounted parallel linkages rotatable 
y with the lower rotor. 



,601,090 

3. Apparatus as claimed in claim 1, in which 
the lower rotor swash plate control means is 
universally mounted on the fixed column, said 
means being connected to the outer portion of 
the lower rotor swash plate by means of Pivotally 
mounted parallel linkages. 
4. Apparatus as claimed in claire 1, in which 
the upper rotor swash plate control means com- 
prises a swash plate universally mounted on the 
fixed column; said column swash plate having 
an inner non-rotatable portion and an outer por- 
tion rotatable with respect fo the inner portion, 
the outer portion being c0nnected to the outer 
portion of the upper rotor swash plate by means 
of pivotally mounted parallel linkages rotatable 
with the lower rotor; and in which the lower 
rotor swash plate control means is universally 
mountid on the fixed colunm, said means being 
connected to the outer Portion of the lower rotor 
swash plate by means of Pivotally mounted Paral- 
lel linkages. 
5. Apparatus as claimed in claire 1, in which 
the upper rotor swash plate control means com- 
prises a swash plate universally mounted on the 
fixed column; said colurnn swash plate having an 
inner non-rotatable portion and an outer portion 
rotatable with respect to the inner portion, the 
outer portion being connected to the outer por- 
tion of the upper rotor swash plate by means of 
pivotally mounted parallel linkages rotatable 
with the lower rotor; and in which the lower 
rotor swash plate control means is universally 
mountid on the xed column, said means being 
connected to the outer portion of the lower rotor 
swash plate by means of pivotally mounted paral- 
lel linkages passing through the inner portion 
of the column swash plate. 
6. Apparatus as claimed in claire 1, in which 
the upper rotor swash plate control means com- 
prises a swash plate universally mounted on the 
lï_xed column; said column swash plate having an 
inner non-rotatable portion and an outer portion 
rotatable with respect to the inner portion, the 
outer portion being cormected fo the outer por- 
tion of the upper rotor swash plate by means of 
pivotally mounted parallel linkages rotatable 
with the lower rotor; the lower rotor swash plate 
control means being universally mounted on the 
filxed column, said means biing connected to the 
outer portion of the lower rotor swash plate by 
means of pivota]ly mounted parallel linkages 
passing through the inner portion of the column 
swash plate; a sleeve slidably mounted on the 
column between the column swash plate and 
the universally mounted lower rotor swash plate 
control means; and means to vary the relative 
positions of the column swash plate, the uni- 
versally mounted lower rotor swash plate control 
means and the sleeve and to hold saine in any 
desirid relative position. 
i. Apparatus as claimed in claire 1, in which 
the upper rotor swash plate control means com- 
prises a swash plate universally mounted on the 
fixed column; said column swash plate having an 
inner non-rotatable portion and an outer portion 
rotatable with respect fo the inner portion, the 
outer portion being connected fo the outer por- 
tion of the upper rotor swash plate by means of 
pivotally naounted parallel linkages rotatable 
with the lower rotor; the lower rotor swash plate 
contro] means being univirsally mounted on the 
fixed column, said means being connected to the 
outer portion of the lower rotor swash plate by 
means of pivotally mounted parallel linkages 
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column; a pinion mounted on said sleeve and 
rotatable by the operator; and racks moved by 
said pinion and connected respectively to the 
column swash plate and the lower rotor swash 
 plate control means whereby the vertical dis- 
tance between said column swash plate and said 
universally mounted lower rotor swash plate con- 
trol means may be controlled and varied. 
8. In propelling apparatus for aircraft, a pair 
10 of horizontally disposed rotors mounted one 
above the other, each being provided with a 
plurality of radially disposed variable pitchr 
blades, said rotors being adapted fo revolve in 
opposite directions for imparting movement to 
15 the aircraft; a fixed column; co-axial shafts 
passing through said fixed column and on which 
the rotors are respectively mounted; means ro- 
tating with said rotors adapted to vary the pitch 
of the blades of each rotor; two members slidably 
20 mounted on the fixed column and linkid together 
for controlled movement relative to each other, 
one being disposed above the other; a member 
universally mounted on the upper slidable ruera- 
ber; non-rotating means pivotally mounted on 
5 the lower slidable member; and means connect- 
ing said universally mounted and said pivotally 
mounted means to the rotating pitch varying 
means whereby any changes in the elevation and 
inclination of the universally mounted mernber 
30 and pivotally mounted means will effectively be 
imparted fo the rotating pitch varying means. 
9. In propelling apparatus for aircraft, a pair 
of horizontally disposed rotors mounted one 
above the other, each being provided with a plu- 
35 rality of radially disposed variable pitch blades, 
said rotors being adapted to revolve in opposite 
directions for imparting movement to the air- 
craft; a fixed column; co-axial shafts passing 
through said filXed column and on which the 
40 rotors are respectively mounted; means rotating 
with said rotors adapted to vary the pitch of the 
blades of each rotor; two members slidably 
mounted on the _fixed column and linked together 
for controlled movement relative to each other, 
one being disposed above the other; a member 
45 universally mounfed on the upper slidable mem- 
ber; non-rotatàng rneans pivotallymounted on 
the lower slidable member; and parallel linkage 
lneans connecting said universally naounted 
member and said pivotally mounted means to 
50 the rotating pitch varying means whereby, any 
changes in the elevation and inclination of 
the universally mounted member and pivotally 
mounted means will effectively be impaired to 
the rotating pitch varying means. 
55 10. In propelling apparatus for aircraft, a. pair 
of horizontally disposed rotors mounted one 
above the other, each being provided with a plu- 
rality of radially disposed variable pitch blades 
60 said rotors being adapted to revolve in opposite 
directions for imparting movement to .the air- 
craft; a fixed column; co-axial shafts pasing 
through said fixed column and on which the 
rotors are respectively mounted; two members 
65 slidably mounted on the fixed column and linked 
together for controlled movement relative to each 
other, one being disposed above the other; a 
member universally mounted on the upper slid- 
able member; !on-rotating rneans, pivotally 
70 mounted on the lower slidable member; means. 
rotating with the upper rotor to vary the pitch 
of ifs blades; means rotating with the lower rotor 
to vary the pitch of its blades; a ring rotatably 

passing through the inner portion of the column mounted .on the upper rotor blade pitch varying 
swash plate; a sleeve slidably mounted on çhe .7 means; a ring rotatably mounted on the uni- 
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versally mounted member; parallel linkages ro- 
tating with the low.er rotor and connecting the 
two aforementioned rings whereby any changes 
in the elevation and .inclination of the uniersally 
mounted member will effectively be imparted to 
the upper ro.tor blade pitch arying means; a 
ring rotatably mounted .on the lower rotor blade 
pitch varying rotating means; and parallel link- 
ages connecing the last-mentioned ring and the 
pivotally mounted means whereby any changes 
in the elevation and inclination .of the pivotally 
mounted mens .will effectively be imparteà to 
the .lower rotor blade pitch varying means. 
11. In propelling apparatus for aircraft, a pair 
of horizontally disposed rotors mouned one above 
the other, each being provided with a plurality 
of radially disposed variable pitch blades, said 
rotors being adapted to revolve in opposite di- 
rections for imparting movement to thè aircraft; 
a flxed column; .co.-axial shafts passing through 
said flxed column and on which the otors are 
respectively mounted; means rotating with said 
rotors and respectively adapted to vary the pitoh 
of the blades of each rotor; upper middle and 
lower members slidably mounted on the fixeà 
column and linked together for controlled more- 
ment relative to one another; a member uni- 
versally mounted on the upper slidable member; 
non-rotating means pivotally mounted on the 
lower slidable member; and means connecting 
said universally mounted member and said piv- 
otally mounted means to the rotating pitch vary- 
ing means whereby any changes in tle elevation 
and inclination of the univ.ersally mounted ruera- 
ber and pivotally mounted means will effectively 
be imparted fo the rotating pitoh varying means. 
12. In propelting apparatùs for aircraft, a pair 
of horizontally disposeà rotors mounted one 
above the other, each being provided with a plu- 
rality of radially disposed variable pitch blades, 
said rotors being adapted to revolve in opposite 
directions for imparting movement to the air- 
craft; a fixed column; co-axial shafts passing 
through said flxed column and on whïch the 
rotors are respectively mounted; means rotating 
with the rotors to vary the pich of the blades 
of each rotor; upper, middte and lower members 
slidably mounted on the flxed column; rack and 
pinion means joining the upper and lower slid- 
able members to the middle slidable member and 
adapted to vary the distance therebetween; a 
member universally mounted on the upper slid- 
able member; non-rotating means pivota!ly 
mounted on the lower slidable member; and 
means connecting said universally mounted 
member and said pivotally rrounted means fo the 
rotating pitch vàrying means whereby any 
changes in the elevaion and inclination of the 
universally mounted member and pvotally 
mounted means will effectively be imparted to the 
rotating pitch varying means. 
13. In propelling apparatus for aircraft, a pair 
of horizontally disposed rotors mounted one 
above the other, each being provided with a plu- 
rality of radia!ly disposed variable pitch blades, 
said rotors being adapted to revolve in opposite 
directions for imparting movement to thë air- 
craft; a flxed colmn; ¢-axial shafts passing 
through said flxed column and on which the 
rotors are respectively mounted; means rotating 
with the rotors fo vary the pitch of the blades of 
each rotor; upper, middle and lower members 
slidably mounted on the fixed column; a pinion 
rotatábly monted on the middle Slidable mem- 
ber; a control system to roatè said pinion; Ver- 
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ticl racks attached respectively to the upper 
and to the lower sltdable members and engaging 
with the .pinion whereby rotation of the pinion 
by the .control system aries the distance of .the 
5 upp.er and lower slidable members from the mid- 
dle slidable member; a member universally 
mounted on the .upper slidable member; non- 
rotating means pivotally .mounted on the lower 
slidable member; and means connecting said uni- 
10 versally mounted member and said pivotally 
mounted means to the rotating pitch varying 
means whereby any changes in the elevation and 
inclination of the uniersally mounted member 
and the pivotally mounted means will effectively 
15 be imparted to the rotating pitch varying means. 
4.-In propelling apparatus for aircraft, a pair 
of horizontally disposed rotors mounted one 
above the other, each .being provided with a plu- 
rality of radially disposed variable pitch blades, 
20 said rotors being adapted to revolve in opposite 
directions for imparting movement to thé air- 
craf.t; a fixed .co]umn; co-axial shafts passin 
through said xed cotumn and on which the 
rotors are respectivelF mounted; means rotatin 
25 with the rotors to va, ry the pich of the blades 
of each rotor; upper, middle and lower mem- 
bers slidably mounted on the fixed column, said 
slidabte members being linked togèther for con- 
tro]led movement-relative to one another; a 
30 member universally mounted on the upper slid- 
able member; non-rotating means pivotally 
monted on the lower slidable member; means 
connected with said universal!y mounted more- 
ber and said pivotally mounted means to the 
5 rotating pitch varying means whereby any 
changes in the elevation and inclination of the 
universally mounted member and pivotally 
mounted means wil] effectively be irnparted to 
the rotating pitch varying means; and means 
40 mounted on the middle slidable member en- 
gaging vith the universally mounted membre" 
and pivotally mounted means and adapted to 
vary the inclination of the universally mounted 
member and pivotally mounted means. 
15. In propelling apparatus for aircraft, a 
pair of horizontally disposed rotors mounted 
one above the other, each being provided with 
a plurality of radially disposed variable pitch 
blades, said rotors being adapted to revolve in 
opposite directions for impartin movement to 
50 the aircraft; a fixed column; co-axial shafts 
passing through said fixed column and on which 
the rotors are respecively mounted; means ro- 
tating with the rotors to vary the pitch of the 
blades of each rotor; upper, middle and lower 
55 members slidably munted on the flxed column 
rack and pinion means joining the upper and 
lower slidable members to the midd]e slidable 
membe and adàp(ed to vary .the distance there- 
60 betwçen; a member universally mounted on the 
upper slidable member; non-rotating means 
pivota!ly m, ounted on the lower slidable more- 
ber; mean.s co.nne¢ng said u_niversally mounted 
member and said pivotall.y mounted means to 
5 thë roat'm_g pitch yarying means whereby any 
cha.nges ip he elevation and inclination of the 
universa.lly mounted member and pivotally 
mo4nted meÇrbï will effectively be imparted to 
the rotating pitch varying means; and means 
70 mounted oB the middle slidable member en- 
gaging wih the universally mounted member 
and pivotally mounted means and adapted to 
vary the inclination of the universally mounted 
member and pivqtally mounted means. 
75 16 In propelling apparatus for aircrat, a pair 



2»601,090 

13 
of horizontally disposed rotors mounted one 
above the other, each being provided with a p!u- 
ra!ity of radial!y disposed variable pitch blades, 
said rotors being adapted fo revolve in opposite 
directions for imparting movement to the air- 
craft; a fixed colmnn; co-axial shafts passing 
through said fixed column and on which the 
rotors are respectivety mounted; means rotatLug 
with the rotors to vary the pitch o the blades 
of each roter; upper, middle and lower mem- 
bers slidably mounted on the fixed column said 
slidable members being iinked together for con- 
trolled movement relative to one another; a 
member universally mounted on the upper slid- 
able member and having two moment arms radi- 
ally spaced by 90 ° with respect fo the fixed 
column; non-rotating means pivotally mounted 
on the lower slidable membeï and having two 
moment arms radially spaced by 90 ° with re- 
spect fo the fixed column; means connecting 
said universally mounted member and said 
pivotally mounted means to the rotating pitch 
varyL'g means whereby any changes in the oie- 
ration and inclination of the universally mount- 
ed member and pivotal!y mounted means wfll 
effectively be imparted fo the ïotating pitch 
varying means; and two rack and pinion sys- 
teins radially spaced by 90 ° with respect to the 
fixed column and mounted on the middle slid- 
able member, each system including a pinion 
and two horizontal!y travelling racks co-acting 
with diametrically opposite sides of the pinion 
and engaging respectively with a moment arm 
of the universally mounted member and a 
moment arm of the pivotaliy mounted means, 
rotation of the pinions varying the inclination 
of the universally mounted member and pivot- 
ally mounted means. 
17. In propelling apparatus for aircraft, a pair 
of horizontally disposed rotors mounted one 
above the other, each being provided with a plu- 
rality of radially disposed variable pitch blades, 
said rotors beLug adapted fo revolve in opposite 
directions for imparting movement to the air- 
craft; a fxed column; co-axial shafts passing 
through said fixed cohmn and on which the 
rotors are respectively mounted; means rotating 
with the rotors to vary the pitch of the blades 
of each rotor; upper, middle and lower members 
slidably mounted on the fixed column; a pinion 
rotatably mounted on the middle slidable ruera- 
ber; vertical racks attached respectively to the 
upper and to the lower slidable members and 
engagLug with the pinion whereby rotation of 
the pinion by the control system varies the dis- 
tance of the upper and lower slidable members 
from the middle slidable member; a member 
universally mounted on the upper slidable ruera- 
ber and having two. moment arms radially 
spaced by 90 ° with respect to the fixed column; 
non-rotating means pivotally mounted on the 
lower slidable member and having two moment 
arms radially spaced by 90 ° with respect to the 
fixed column; means connecting said universally 
mounted member and said pivotally mounted 
means to the rotating pitch varying means 
whereby any changes in the elevation and incli- 
nation of the universally mounted member and 
pivotally mounted means will effectively be im- 
parted fo the rotating pitch varying means; two 
rack and pL'ion systems radially spaced by 90 ° 
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with respect to the fixed column and mounted 
on the middle slidable member, each system in- 
cluding a pinion and two horontally travelling 
racks co-acting with diametrical!y opposite sides 
5 of the pinion and engagLug respectively with a 
moment arm of the universally mounted ruera- 
ber and a moment arm of the pivotally mount- 
ed means, rotation of the pinions of the sys- 
teins varying the inclination of the universally 
lo mounted member and pivota!ly mounted means; 
and control means te.. individually actuate each 
of the three pinions. 
18. In propelling apparatus for aircraft, a pair 
of horizontally disposed l'otors nounted one 
15 above the other, each being provided with a 
plurality of radially disposed variable pitch 
blades, said rotors being adapted to revolve in 
opposite directions for imparting movement to 
the aircraft; a fixed column; co-axial shafts 
20 passing through said fixed column and on which 
the rotors are respectively mounted; means ro- 
tating with the rotors to vary the pitch of the 
blades of each rotor; upper, middle and lower 
members slidably mounted on the fixed column; 
25 said slidable members being linked together for 
controlled movement relative to one another; a 
member muiveïsally mounted on the upper slid- 
able member and having two moment arms radi- 
ally spaced by 90 ° with respect to the fixed col- 
30 umn; non-rotating means pivotally mounted on 
the lower slidable member and having two 
moment arms radially spaced by 90 ° with re- 
spect to the fixed column; means co'mecting 
said universal]y mounted member and said pivot- 
35 ally mounted means to the rotating pitch vary- 
ing means whereby any changes in the elevation 
and Luclination of the universally mounted 
member and pivotally mounted means will effec- 
tively be imparted to the rotating pitch varying 
40 means; two systems radially spaced by 90 ° with 
respect to the fixed column, and mounted on 
the middle slidable member, each system 
cluding a horizontally reciprocable crosshead 
having a member which engages with a moment 
,15 arm of the universally mounted member and a 
member which engages with a moment arm of 
the pivotally mounted means; and means to re- 
ciprocate the crosshead to vary the inclination 
of the tmiversally mounted member and pivot- 
50 ally mounted means. 
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